UNCLASSIFIED 


in  286  301 

RepAotuiced 
tty  the 

ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


*  I 


ASD  TECHNICAL  REPORT  62-7-510 
AUGUST  1962 


r - 1 

DEVELOPMENT  OF  A  HIGH  TEMPERATURE 

SEALED  WIRE  WOUND  VARIABLE  RESISTOR 

JAMES  A.  FRED 

MALLORY  CJMXBOLS  COMPANY 

FRANKFORT,  INDIANA  , 

CONTRACT  AF33( 600) 37951 

ASD  PROJECT i  7-510 

FINAL  TECHNICAL  ENGINEERING  Ri 

^  OCTOBER  1958  -  AUGUST  1966 

A  S  T  1  A 

If  uu  23  Ibb2 

U  IS 1 

: _ USA _ J 

ELECTRONICS  BRANCH 
MANUFACTURING  TECHNOLOGY  LABORATORY 
AFSC  AERONAUTICAL  SYSTEMS  DIVISION 
UNITED  STATES  AIR  FORCE 
WRIGHT -PATTERSON  AIR  FORCE  BASE,  OHIO 


f 


I 


Bes 


£3-/-2> 


NOTICES 


When  Government  drawings,  specifications,  or  other  data 
are  used  for  ary  purpose  other  than  in  oo  meet  ion  with  a 

definitely  related  Ooverment  procuremnt  operation,  the  United 

% 

States  Government  thereby  incurs  no  responsibility  nor  ary 
obligation  whatsoever,  and  the  fact  that  the  government  nay 
have  formulated,  furnished,  or  in  anyway  supplied  the  said 
drawings,  spaciflcationa,  or  other  data,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the 
holder  of  any  other  person  or  corporation  or  conveying  any 
rights  or  permission  to  manufacture,  use,  or  sell  any  patented 
Invention  that  nay  in  anyway  be  related  thereto* 


Qualified  requesters  may  obtain  copies  of  this  report  from 
the  ASTIA  Document  Service  Center,  Arlington  Hall  Station, 
Arlington  12,  Virginia* 


t 


Copies  of  ASD  Technical  Reports  should  not  be  returned  to 
the  AFSC  Aeronautical  Systems  Division  unless  return  is  required 
by  security  considerations,  contractual  obligations,  or  notice 
on  a  specific  document* 

* 

* 


V 


~‘ ■*“**.  W--,’ 


ASS  TR  62-7-510 
A5TIA  Document  NR  s 


ASS  Technical  Report  62-7-510 
August  1962 


(Unclassified) 

Development  of  a  High  Teaperature 
Sealed  Kira  Wound  Variable  Resistor 


Janes  A.  Fred,  Engineer 


( 


Mallory  Controls  Company 
Dir.  of  P.  R.  Mallory  St  Co.,  lao. 
Frankfort,  Indiana 


* 


Contract  AP33(600 >37951 
A3D  Project  1  7-510 
October  1958  -  August  1962 


Electronics  Branch 
'  Manufacturing  Technology  laboratory 


-ii- 


FORWARD 


This  Final  Technical  Engineering  Raport  covert  all  work 
dona  uadar  Contract  AF33(600)-379$1  froa  October  lA,  1958  to 
March  6,  1962.  Tba  aawMirr1.pt  wa  ralaaaad  toy  tha  author  in 
August  1962  for  publication  aa  an  ASD  Taohnieal  Raport 

Thla  contract  with  tba  P.  E.  Mallory  A  Company,  Incorporated, 
Indlanapolli ,  Indiana,  was  Initiated  undar  ASD  Manufacturing 
Matbods  Project  7-510,  "Oavelopment  of  a  High  Taaparatura  Saalad 
Wire  Wound  Variable  Resistor",  It  waa  accoaplishad  undar  tba 
technical  direction  of  Mr*  Harold  K*  friable  of  the  Hectroaica  , 
Branch  (ASRCTB),  Manufacturing  Technology  Laboratory, 

Aeronautical  Systems  Division,  Wright-Pattereon  Air  Force  Base, 

/ 

Ohio. 


Mr*  David  0*  Willlsas,  Project  Engineer,  and  Mr.  Jaaaa  A* 
Fred,  Development  Engineer,  were  the  engineers  in  charge.  Others 
contributing  to  the  work  performed  during  the  program  were 
Mr.  James  Ayres,  Process  Engineer,  aad  Mr.  Robert  L,  Prey, 
development  Engineer* 

This  project  has  been  earrlsd  out  a a  a  part  of  th#  Air  Foree 
Manufacturing  Me thods . Prbgrn*.  Tha  primary  objective  of  the  Air 
Force  Manufacturing  Mathoda  Program  la  to  develop  on  a  timaly 
basis  manafaeturiag  proowaaas,  techniques,  and  equipment  for  use 
la  economical  production  of  USAF  materials  aad  components*  The 
program  eooempasaea  tba  following  technical  arenas  * 
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UUM  Shatter  FortUpt*  Eartiueioua,  Gettings*  Fiber 
and  fbuder  Metallurgy  Component  Fabrication,  Joining* 
Toadag,  Materials  Removal 

Fuels,  iMbrloaais,  CwmIm,  Graphites,  Mon-aetalllo 

*  '  *  4 

Structural  IhUrlali  Solid  State  Devlosa,  Passive 
Uevloee,  Thandonle  Borises. 

Tour  comments  are  solicited  on  the  potential  utilisation  of 
tbs  information  contained  herein  ae  applied  to  your  present  or 
future  production  programs.  Suggestions  conoeming  additional  • 
Manufacturing  Methods  development  required  on  this  or  other 
subjects  will  be  appreciated* 


PUBLICATION  REVIEW 

This  report  has  bean  reviewed  end  la  approved* 
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Final  Technical  Engineering  Report  August  1962 

Variable  Wire wound,  High  Temperature,  Sealed  Resistor 

James  A.  Fred 

¥  Mallory  Controls  Company 
Div.  P.  R.  Malloi7  «  Co.,  Inc* 

Hermetically  sealed  variable  wire  wound  resistors  can  be 
manufactured  using  the  equipment  and  processes  described  in  the 
complete  report. 

The  design  of  the  sealed  variable  wound  resistor  provides 

t 

that  the  completed  resistor  will  be  insensitive  to  most 
environments. 

Finished  units  are  able  to  withstand  such  tests  as  torque, 
temperature  cycling,  high  temperature  exposure,  load  life,  salt 
spray  corrosion,  moisture  resistance,  insulation  resistance,  low 
temperature  storage,  acceleration,  shock,  and  vibration.  The 
only  unsatisfactory  feature  of  this  variable  resistor  was  its 
inability  to  pass  the  rotational  life  test  in  the  higher 
resistance  values  wound  with  .001  inch  diameter  wire.  A 
satisfactory  solution  was  never  found  to  this  difficulty. 

Most  of  the  equipment  \jused  to  make  these  sealed  variable 
resistors  was  of  standard  comnercial  design  with  special  jigs 
and  fixtures  attached  where  needed. 


Detailed  drawings*  processing  data*  descriptions*  and 
drawings  (where  necessarj)  of  all  production  equipment,  floor 
space  requirements*  and  a  recommended  layout  of  all  equipment 
will  be  specified  in  the  complete  report  to  AFSC-A5D  (ASRCTE) 
tfright-Patterson  Air  Force  Base*  Ohio. 
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INTRODUCTION 


The  following  report  represents  the  results  of  work  done 
to  develop  a  high  tempera turs,  sealed,  wirewound,  variable 
resistor. 

This  contract  was  divided  into  four  distinct  phases. 

PHASE  I  provided  for*  a  study  of  the  state-of-the-art,  an 
evaluation  of  materials,  design  techniques,  and  processes 
outlined  in  various  government  publications,  production  processes 
and  techniques,  and  an  approximate  cost  per  resistor.''  This 
phase  was  successfully  completed, 

PHASE  II  provided  for*  establishment  of  pilot  lines,  pre- 
production  samples  to  be  built  and  tested  and  for  copies  of  test 
results  to  be  published  and  distributed.  This  phase  was 
partially  successful. 

PHASE  III  provided  for*  a. quantity  of  resistors  to  be  produced 
on  tools  and  fixtures  provided  by  the  contractor;  also  for 
inspection  and  testing  procedures  to  assure  adequate  quality 
production.  No  action  was  taken  on  this  phase, 

PHASE  IV  provided  for:  the  final  technical  engineering  report. 

The  following  report  describes  this  effort  in  detail  and 
includes  both  our  successes  and  failures  while  working  on  this 
contract. 
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THL  DESIGN  AND  DEVELOPMENT  OF  A  HIGH  TEMPERA  TORE  SEALED 


WIREWOUND  VARIABLE  RESISTOR  • 

A.  Design  Philosophy 

The  contract  which  this  report  is  concerned  with  provided 
for  the  development  of  a  wirevound,  high  temperature, 
sealed  variable  resistor.  The  final  version  was  to  consist 
of  a  cast  brass  outer  case,  a  3/h  inch  diameter  wirewound 
variable  resistor  inserted  into  the  outer  case,  and  a  heavy 
brass  cover  was  to  be  soldered  in  place.  Hermetic  sealing 
would  be  aided  by  the  use  of  a  high  temperature  "0"  ring 
shaft  seals  and  glass  sealed  terminals. 

The  reason  for  choosing  the  indicated  materials  for  use  in 
fabricating  the  internal  parts  of  the  variable  resistor  are 
detailed  as  followst 

1*  Wire  ( 

Previous  experience  in  the  manufacture  of  wirewound  variable 
resistors  indicated  that  either  Evanohm  or  Cupron  or  their 
equivalents  would  be  the  most  desirable  in  a  resistor  of 
this  type.  It  was  felt  that  these  wires  were  desirable 
because  of  their  low  temperature  coefficient  and  its  high 
resistance  of  800  ohms  per  circular  mil  foot.  However, 
it  was  necessary  to  use  an  Alloy  wire  on  resistance  values 
under  $ 0  ohms  because  the  wire  sise  would  have  been  too 
big  to  be  practical  with  Evanohm  or  Cupron. 
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2.  Insulating  Materials 

An  investigation  of  high  temperature  insulating  materials 
included  asbestos,  ^uin  terra  board,  anodized  aluminum, 
fiberglass,  Teflon,  and  silicone  glass  laminates.  The 
silicone  glass  laminates  were  found  to  be  satisfactory  in 
all  respects.  Manufacturers  were  found  who  would  guarantee 
that  their  silicone  glass  laminates  would  operate 
continuously  at  ?50*C,  The  care  strip  has  to  be  made  of 
material  sheared  at  a  1*5°  angle  to  provide  the  necessary 
flexibility  to  enable  it  to  be  formed  inside  the  small 
diameter  cup  usee. 

3.  Contact  Devices 

Various  materials  such  as  carbon  steel,  spring  brass, 
beryllium  copper,  uLkaloy,  and  nickel  silver  were  considered 
for  use  as  contact  arms.  Nickel  silver  alloy,  number  "2" 
hard  temper,  showed  the  lea3t  amount  of  relaxation  after 
exposure  to  a  temperature  of  200 °C  for  1,000  hours.  A 
later  investigation  showed  that  this  material  could  be 
improved  even  more  by  a  twelve  (12)  hour  heat  treatment  at 
2£o*C. 

ii.  Shafts 

Three  materials,  stainless  steel,  cold  rolled  steel,  and 
brass  were  considered  for  shafts.  Two  of  the  materials  were 
suitably  plated  to  withstand  the  salt  spray  test. 
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i .  Shafts  ^ 

Passivated  stainless  steel  proved  to  be  outstanding  in 
this  application.  Another  consideration  V-esides  the  salt 
spray  test  wag  the  stop  torque  test.  With  three  turn¬ 
downs  in  the  shaft  for  "0"  rings,  all  materials  except 
stainless  steel  twisted  apart  bt.fore  the  desired  stop  torque 
was  reached. 

4 

5.  Hermetic  Shaft  Seals 

Several  types  of  hermetic  shaft  seals  were  discussed. 
Experiments  were  conducted  using  beryllium  copper  bellows. 
Teflon  shaft  seals,  metal  to  metal  reals,  graphitar  seals, 
and  silastic  rubber  "0”  rings.  TheJ’Q"  rings  proved  out 
to  be  the  simplest  and  easiest  to  use  in  manufacturing  and 
gave  satisfactory  results  in  testing. 

6.  Inner  Case,  Cover,  and  Terminals 

It  was  decided  to  make  the  inner  case  a  zinc  diecasting. 

This  design  would  provide  a  case,  locating  lug,  sealing 
gland,  and  threaded  mounting  bushing  in  one  unit.  It  was 
felt  that  the  intricacies  of  the  case  did  not  make  it 
feasible  to  use  a  machined  or  stamped  part.  The  cover  was 
to  be  made  of  brass  while  the  terminals  vere  to  be  made  of 
cartridge  brass.  These  parts  will  have  a  final  gold 
plating  over  nickel. 
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7.  Outer'  Case  and  Cover 

The  outer  case  and  cover  will  be  of  brass,  made  by  Investment 
Casting,  buffed,  nickel,  and  gold  plated.  It  was  felt  that 
since  this  resistor  could  be  exposed  to  a  corrosive 
atmospnore,  gold  would  givu  the  Vest  protection. 

B.  Fin.il iced  design 

The  materials  ond  finishes  proposed  in  the  previous  section 
vert-  used  to  build  a  total  of  160  variable  resistors  for 
the  Phase..  11  prenr  .due  tion  test  program.  Many  of  the 
. rotoue  :  designs  proved  to  be  quite  satisfactory  while 
several  other  problem  areas  were  never  3ucces ufu lly  over- 
■  ory.- .  Areas  w:wro  satisfactory  "c  *=’;.!  *  ->  were  partially 
attained  are  lie tee  as  follows: 

1.  Cue  inner  case  case  was  a  source  of  etna tan t  irritation. 

The  case  was  originally  tooled  un  r.s  a  short  run  tie.  The 
history  of  this  rart  indicates  that  the  die  casting  started 
off  witn  "11  th®  critics!  dimensions  within  t.dr.t  but  soon 
many  dimensions  began  to  fall  out  of  the  print  tolerance. 

After  several  di  sens  s  ions  with  the  vendor,  tin  die  was 

returned  and  after  examination  it  was  aecidcd  that  it 

snould  be  re-tooled.  Subsequently,  it  was  tooled  with  the 

Ttewst  Manuf acturin,*  Comp&ry,  Chicago,  Illinois.  This  vendor 

seen  was  in  trouble*.  First  witn  the  depth  of  the  case, 

which  he  corrected  by  building  a  trim  die.  Next  excessive 

flash  was  found  in  tne  window  that  the  terminals  extended  through . 
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Also  troublesome  were  pits,  blow  holes,  and  cold  flow  in  th$ 
die  cast  material.  Especially  bad  were  pits  and  blow  holes 
in  the  threaded  area  of  the  bushing.  This  resulted  in  two 
faults  which  could  not  be  corrected  without  scrapping  the 
cases.  The  holes  in  the  bushing  prevented  hermetic  sealing, 
because  since  the  threaded  portion  extended  through  the 
outer  cover  air  or  liquid  could  enter  into  the  inside  of 
the  control*  In  addition  pits  and  blow  holes  in  the  ID 
of  the  bushing  left  a  rough  surface  for  the  "o"  rings  to 
rotate  against.  The  next  result  was  that  the  "O'*  ring 
would  be  chewed  up  after  only  a  few  shaft  rotations.  The 
vendor  was  never  able  to  completely  eliminate  pits  and 
blow  holes  in  the  bushings.  Who t  good  parts  we  had  to  use 
were  detailed  from  a  large  nunber  of  parts. 

Another  source  of  early  trouble  in  the  program  was  the  gold 
plating.  The  gold  plating  would  flake  off  then  the  variable 
resistor  was  subjected  to  an  ©lev-ten  temperature  of  ?00°C 
or  higher.  A  test  was  developed  that  allowed  the  sortinc 
out  of  the  good  plating  fipn  the  bad,  This  test  consisted 
of  subjecting  the  plated  cases  to  a  temperature  of  }00*C 
for  one  hour.  If  the  cases  came  through  this  test  without 
the  plating  blistering,  pitting,  or  flaking,  then  the  case 
would  be  satisfactory  for  production  use.  Pursuing  this 
matter  further,  the  plating  process  waa  examined;  and  while 
no  particular  flaw  could  bo  found  causing  this  typo  reject. 


2.  Coni' d 

it  was  decided  co  have  the  plating  done  by  a  different 
vendor*  The  new  vender,  PRECISION  ELECTRO- PL/.  II  KG  COM  PAW, 
Chicago,  Illinois  was  able  to  pass  the  X>0*C  test 
satisfactorily  without  rejects. 

3.  An.  the r  difficulty  was  the  improper  clinching  of  the  ears 
on  the  cover  the  failure  of  tr.e  clinching  ears  to  hold 
the  cover  engag* d  tc  the  inner  case.  While  it  was  felt 
during  the  •- paginal  design  work  that  sufficient  notarial 
wrs  provi t,  it  was  found  that  more  arterial  had  tc  be 
provide'*.*  The  tools  were  reworked  to  increase  the  length 
of  the  .  line  him?  ears  vhicn  solved  the  problem. 

1  Hand  soldertr.-'  of  the  caver  to  the  outer  case  was  very  v 
'iiffic.lt  so  it  wa?  lecidei  t  use  a  newly  purchased 
in’.rtinn  ht-at«.r  witn  the  proper  -jerk  ceil  to  dc  tne 
soldering.  A  s'lastio  ”  >*  ring  unde»*  the  outer  cover  is 
.se  i  to  i  rovlce  for  release  of  n»  atei  expanded  air  during 
t:.e  s  1  ierir.g.  After  the  c.=se  ie  ceded,  a  nut  is  drawn 
dewr  or.  tw.  or  v;nich  complete.'?  the  seal  between  the 
inner  and  outer  cases. 

j,  Several  lubricants  were  tested  for  lubricating  the  shaft, 
M,'«*  ring,  ground  ring,  coil,  and  rear  bearing.  Because  of 
the  extreme  operating  temperature  range,  -?5*”  to  2t>0°C,  it 
was  found  tnat  Low  Coming  compound  DC-li  would  be  the 
most  s a t is : ac V. r y . 
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6.  The  insulator  strip  that  is  used  to  insulate  the  wound  core 

strip  from  the  die  cast  case  gave  some  trouble*  Tte  .010 
inch  thick  silicone  glass  material  had  an  advertised 
voltage  breakdown  of  i/K)  volts  00  per  mil  thickness.  This 
would  indicate  that  a  strip  .010  inches  thick  would  with¬ 
stands  LOc  volts  The  strips  we  were  receiving  were 

breaking  down  between  lbOO  and  260'J  volts  uC.  After 
lyikg  several  vendors,  we  were  able  to  find  one, 

MICA  D«3«LAiC;:  COMPANY ,  who3e  silicone  glass  material 
would  peso  this  tost. 

t 

7,  Several  prctl-.r,.3  wore  encountered  with  the  winding  and 
asce-blinw  of  the  resistance 

7,1  Problem  number  one  concerned  the  core  strip  upon  which 
tns  wire  wao  wound.  This  is  a  3trip  of  silicone  glass 
a*.,  roxlanttly  .f*30  incr.es  th:ck  by  two  inches  long,  by 
. o'  lames  wide  with  a  radius  on  the  tep  and  bottom  of 
the  strip.  Tc  facilitate  farming  this  strip  thu  material 
mist  be  Cut  on  a  u5°  angle  from  tho  direction  of  the  weave. 
The  u trips  thus  cut  varied  in  length  from  over  four  feet 
to  one  fuot  after  which  they  are  again  cut  to  various 
length  at  our  plant,  ileponding  on  the  wire  diameter  to  be 
wound  on  r.-.e  strips,  to  fit  the  die  cast  case.  The  silicone 
glass  i3  very  abrasive  so  that  the  cutting  tool  must  be 
kept  sharp  at  all  times.  Another  difficulty  is  the  cutting 
of  a  notch  at  each  end  of  the  core  strip  to  anchor  the  end 
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7.1  ContM 

turns  of  the  winding.  The  notch  needs  to  be  a  tight  fit 
for  ,001  inch  diameter  wire  but  must  also  permit  larger  wire 
sizes  to  be  inserted  into  the  notch  as  well, 

7.2  Another  problem  was  that  of  silvering  the  ends  of  the  winding. 
Due  to  the  small  size  of  the  assenfcly,  it  was  found  necessary 
to  apply  the  silver  short  out  under  a  strong  magnifying 
glass.  Tne  silver  must  cover  the  ends  of  the  wire  completely 
but  still  not  be  spattered  on  the  l/l6  inch  barrier  left  *■ 
between  the  end  of  the  wire  and  the  end  of  the  core  strip. 

The  desired  effect  was  finally  achieved  by  careful 
workmanship, 

7.3  It  was  thought  that  an  improvement  could  be  made  if  the 
wire  was  cemented  down  to  the  core  strip  on  the  back  side. 

A  Dow  Corning  composition  called  Silastic  liO  adhesive  was 
tried  but  was  not  satisfactory.  Several  silicone  compounds 
were  also  tried  but  with  limited  success.  This  is  more 
fully  explained  in  the  section  under  pre-production 
testing. 

7.U  Another  area  investigated  was  the  use  of  grooved  core 

strip  and  a  thinner,  .020,  core  strip.  The  grooved  core 
strip  formed  much  better  in  the  resistor  case  but  proved 
to  have  other  drawbacks.  Many  experimental  wound  strips 
were  made  with  the  grooved  stripe.  Extreme  difficulty  was 

*> 
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7.1*  Cont»d 

experienced  in  grooving  the  eillcoije  glass  so  a  thinner 
»trip  was  tried.  It  was  quite  difficult  to  get  a 
satisfactory  radius  on  the  edges  of  this  strip.  The 
result  was  that  whenever  .001  diameter  wire  was  used  it 
always  broke  when  it  went  over  the  edges.  Frecoatii^  the 
,020  thick  silicone  glass  core  strip  was  tried  but  was 
never  perfected.  There  will  be  a  further  discussion  on 
this  problem  in  the  section  relating  to  p reproduction 
testing. 


I 

RESULTS  OF  FIRST  PRE-PRODUCTION  TEST 

. 

Forty  variable  resistors  each  of  three  ohms  and  2£, 000  ohms  were 
assembled  and  subjected  to  the  tests  specified  by  Exhibit 
WCRE  £6-71.  A  copy  of  the  exhibit  appears  in  the  appendix. 

The  resistors  passed  the  following  tests! 

1.  Mechanical  and  visual  inspection  (i;.3). 

2.  Resistance  (L.L). 

3.  Insulation  resistance  (i*.6). 

it.  Dielectric  test  at  atmospheric  pressure  (it,9.1). 

5>.  High  temperature  exposure  (l*.  12). 

6,  Stop  torque  (u.10.2). 

7.  Low  temperature  storage  ( i*.  13' . 

6,  Acceleration  ( i* .  20 ) , 

9.  Shock  ( u.21) , 

10.  Vibration  (high  frequency)  (L.19). 

The  resistors  failed  the  following  tests: 

1.  Dielectric  test  at  reduced  atmospheric  pressure  (in  9.2). 

1.1  All  of  eighty  resistors  failed  to  pass  this  test 
because  the  voltage  arced  over  the  hermetic 
terminals. 

1.2  Alter  checking  with  the  manufacturer  of  the  hermetic 
terminals,  it  was  determined  that  the  terminals  were 
not  meant  to  withstand  a  sine  wave  potential  of  5£0 
volts  RMS  at  a  reduced  pressure  of  2.1  inches  of 

j 

mercury  (absolute). 


1*3  />  change  in  specific atione  was  requested  for  this 
requirement, 

2.  Rotational  torque  (1.10,1) 

2.1  Forty  out  of  eighty  variable  resistors  failed  to  pass 
the  1,5  inch  ounce  minimum  torque  specified, 

2.2  A  change  in  specifications  was  requested  for  this 
requirement, 

3.  Temperature  cycling-  (it. 11) , 

3.1  Thirty-four  out  of  eighty  variable  resistors 
exceeded  the  1  per  cont  p^imanent  change  in 
resistance  allowed  by  the  specification.  A  charge 
In  the  type  resistance  wire  used  was  to  be  considered 
as  well  as  asking  for  a  change  in  the  specification 
for  this  requirement, 
ii.  Low  temperature  exposure  (it. 13) 

lt.1  Light  out  cf  eighty  resistors  exceeded  the  15  inch 
ouqce  limit  on  torque  specified  after  one  hour  at 
-65  #C. 

Iu2  Thirteen  out  of  eighty  resistors  were  open  or 

intermittent  at  the  end  of  the  low  temperature  cycle. 

% 

it. 3  Since  the  torque  at  room  temperature  was  too  low  and 

the  grease  used  to  lubricate  the  shaft  was  the  best 

known  available  lubricant,  it  was  decided  to  ask  for 

V 

a  change  in  specifications. 

5.  1000  hour  load  life  (It.llt) 


t 
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5*1  Seventeen  out  of  twenty  resistors  tested  exceeded  the 
1  per  cent  change  in  resistance  allowed  by  the 
specification. 

5.2  It  was  decided  that  different  types  of  wire  should  be 
investigated  to  see  whether'  cr  not  this  condition 
could  be  improved. 

6.  Salt  spray  corrosion  (d.15). 

6.1  All  twenty  resistors  tested  showe  i  signs  of  corrosion. 

6.?  This  corrosion  was  not  considered  detrimental  to  the 

operation  of  the  variable  resistors. 

7.  Moisture  resistance  (U.16) 

7.1  Sixteen  of  the  twenty  resistors  exceeded  the  1  per 
cent  change  in  resistance  allowed  by  the  specification. 

7.2  A  change  ir  wire  type  was  to  be  investigated. 

8.  Rotational  life  (it.  17) 

8.1  Seventeen  out  of  twenty  variable  resistor's  failed 
during  this  test. 

8.2  Since  these  resistors  were  hermetically  sealed,  it 
was  not  possible  to  accurately  determine  what  caused 
the  failure.  It  was  assumed  that  the  wire  had  worn 
through  and  that  less  contact  pressure  would  affect 
an  improvement. 


i 
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RESULTS  OF  SECOND  PRE-PRODUCTION  TKST 


As  a  result  of  so  many  failures  during  the  first  pre-production 
test  a  conference  was  held  between  Mallory  and  government 
representatives.  It  was  decided  that  Mallory  would  re-write 
the  specification  using  the  best  available  information  that  would 
provide  for  good  variable  resistors.  A  copy  of  this  specification 
is  found  in  the  appendix. 

After  the  specification  waB  accepted  by  both  interested  parties, 
forty  samples  each  of  1?  ohm  and  2'),00C  ohm  variable  resistors 
were  assembled  and  subjected  to  pre-production  testing.  The 
resistors  passed  the  following  tests i 

1.  Mechanical  and  visual  inspection  (a. 3) 

2.  Total  resistance  (L.li) 

3.  Minimum  resistance  (L.6)  v 

i*.  Insulation  resistance  ( it. 7 ) 

5.  Dielectric  strength  (u.6) 

6.  Rotational  torque  (h.9.3) 

7.  Temperature  cycling  (I4.IC) 

8.  Salt  spray  corrosion  (h.lli) 

9.  Moisture  resistance  (lul5)  • 

1C.  Low  temperature  storage  (ii.17) 

11.  Vibration  (high  frequency)  (u.38) 

12.  Acceleration  Unl$0 

13.  Shock  (L.20) 


-Ha- 
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As  you  can  sea,  a  change  in  sane  of  the  specifications  allowed 
the  variable  resistors  to  pass  more  of  the  tests  than  had  passed 
during  the  previous  test  program.  There  were  still  many 
categories  of  failures  that  were  either  the  same  as  before  or  in 
different  tests.  The  variable  resistors  failed  during  the 
following  tests: 

1.  Resistance  Taper  (U.5) 

1.1  Three  out  of  forty  of  the  ten  ohm  resistors  failed 
to  pass-  at  the  30  per  cent  rotation  point, 

1.2  Twenty-nine  out  of  forty  of  the  20, 000  ohm  resistors 
failed  to  pass  at  the  30  per  cent  rotation  point. 

1.3  One  out  of  forty  20,000  ohm  resistors  failed  to  pass 
at  the  50  per  cent  rotation  point. 

l.li  Sight  out  of  forty  20,000  oitn  reei3tors  failed  to 
pass  at  the  100  per  cent  rotation  point, 

* 

2.  High  temperature  exposure  (U.ll) 

2.1  Two  out  of  forty  20,000  ohm  resistors  exceeded  the 
5  per  cent  change  allowed  in  overall  resistance. 

3.  Stop  torque  (1+.9.2) 

3*1  Three  resistors  out  of  eighty  failed  to  pass  the  six 
inch  pound  stop  torque  test, 
it.  Low  temperature  exposure  (it.  12) 

it.l  Seven  resistors  out  of  eighty  exceeded  the  eighteen 
Inch  ounce  limit. 

5.  Load  life  (L.  13) 

5.1  Two  resistors  out  of  ten  2D, OCX)  ohm  resistors  exceeded 
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the  5  per  cent  change  allowed  in  overall  resistance. 

6,  Dielectric  strength  after  rotational  life  ('  .16.2) 

6.1  One  10  ohm  resistor  failed  to  pass  this  teat. 

7.  Rotational  life  (1**3  6) 

7.1  Four  out  of  ten  10  ohm  resistors  failed  to  pass  this 

test.  » 

7.2  Ten  out  of  ten  20,000  ohm  resistors  failed  to  pass 
this  test. 

Most  of  the  failures  could  be  easily  explained  and  more  care  in 
manufacturi ng  would  result  in  getting  all  good  resistors. 

However,  the  rotational  li re  test  was  so  dismal  that  a 
developir.cn t  program  was  started  tc  see  'hither  or  not  resistors 
could  be  made  tha’  would  uasr  the  rotational  life  test.  Items 
to  be  investigated  were  as  follows: 

1.  Various  types  of  lubricants  were  to  be  tried  on  the  wire. 

?.  The  length  of  the  core  strin  was  to  be  adjusted  so  that  the 

ceil  would  be  forme d  into  a  true  radius  when  pushed  into  the 
cup, 

з.  The  optimum  contact  pressure  was  to  be  determined. 

и.  An  attempt  would  be  made  tc  reduce  the  wear  on  the  ground 
ring. 

5.  An  attempt  would  be  made  to  apply  a  silicone  resin  to  the 
wire  after  it  was  wound  on  the  core  strip.  The  reason 
that  this  was  done  was  because  it  is  common  practice  in 
the  variable  wirewound  industry  to  cement  the  wires  to  the 
core  strip.  It  was  felt  that  this  was  one  reason  why  the 
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wires  broke  during  the  rotational  life  fcest« 

The  use  of  thinner  core  strip  material  was  to  be  investigaged 
It  should  be  pointed  out  that  the  rotational  life  problem 
primarily  concerned  the  2x1,000  ohm  variable  resistor  which 
ia  wound  with  .001  inch  diameter  nichrorae  wire.  The 
following  discussion  relates  only  to  this  resistance  value, 

A  discussion  of  the  work  dene  on  each  of  these  items 
follows: 

1,  Some  lubricants  obtained  were  Cosmolube  615*  Dow 
Corning  DC5*  DC6*  and  D^ll,  After  several  tests,  it 
was  decided  that  DC11  had  the  best  all  around 
characteristics  for  this  purpose ,  Uses  for  this 
lubricant  include  rear  bearing,  shaft,  "0"  rings,  and 
bushing,  and  wire.  It  has  excellent  high  and  low 
temperature  characteristics, 

2,  Much  work  was  done  on  getting  the  coil  to  fit  into 
the  cup  in  a  true  radius.  It  was  finally  determined 
that  the  tolerance  on  the  cup  would  make  it  difficult 
to  always  get  a  good'  fit.  Since  we  were  already  in 
trouble  with  the  cup  vendor,  we  decided  to  do  all  our 
work  on  the  length  of  the  core  strip,  A  satisfactory 

a  compromise  was  then  made, 

3,  The  optimum  contact  pressure  was  experimentally 
determined  to  be  25  grams*  so  a  limit  of  20  to  30  grams 
was  decided  on  for  production  use, 

ii»  The  pressure  on  the  ground  ring  was  reduced  by  moving 


the  "C"  ring  out  ,00$  inches  on  the  shaft.  This 
seer»d  to  give  a  satisfactory  wear  pattern  to  the 
ground  ring.  V 

5.  Work  was  carried  on  intermittently  for  tiro  months  to 
try  and  find  a  satisfactory  way  to  coat  the  wirewound 

4 

core  with  a  silicone  resin.  At  least  five  different  t 
silicone  formulations  were  tried.  Three  different 

methods  of  application  were  tried. 

These  were  painting  it  on  with*  a  paint  brush,  - 

dipping  t  >e  strip,  and  spraying  the  silicone  resin. 

A  satisfactory  coating  was  obtained,  and  it  was 
determined  that  a  two  mil  coating  on  the  back  of  the 
winding  and  on  the  lower  half  of  the  front  of  the 
winding  would  best  hold  the  wire  in  place.  The  strip 
was  sprayed  on  one  side  and  air  dried.  The  area  where 
the  contact  am  ran  was  masked  off  and  the  coating 
sprayed  on  and  air  dried,  lhe  wire  was  then  wound  on 
the  strip  and  baked  to  completely  cure  the  resin. 

This  process  was  difficult  to  control  and  a  satisfactory 
coil  wa3  obtained  only  part  of  the  time.  The  few  good 
coils  that  were  run  on  rotational  life  were  completely 
successful, 

6.  The  use  of  thinner  core  strip  material  was  investigated. 
The  only  advantage  was  the  ease  with  which  it  could  be 
formed  into  the  cup.  The  drawbacks  to  the  thinner 
core  strip  made  it  difficult  to  use.  Being  only  .020 
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Inches  thick,  it  was  hard  to  get  a  smooth  radius  on  the 
edges*  A  fiberglass  vheel  was  used  to  polish  this 
edge  but  still  the  wire  would  break  on  many  coils  where 
it  went  over  the  edges.  During  this  period  of  1 

experimentation,  the  th^n  core  strip  could  show  no 
advantage  over  the  grooved  thicker  core  strip. 

Even  with  the  imnrcvenents  outlined  above,  100  per 
cent  reliability  could  never  bo  attained.  On  one 
trial  run  complete  success  night  be  attained  while  on 
the  next  trial  run  all  the  resistors  might  turn  out  to 
be  failures* 

It  was  felt  that  our  pro  cess  could  not  be  considered  a 
success  if  we  could  not  get  repeatable  results*  For 
this  reason  we  never  completely  solved  the  rotational 
life  problem  on  the  2^,000  onm  variable  resistors. 
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EXHIBIT  WCRE  56-71 
18  OCTOBER  195$ 

AS  AMENDED  10  DECEMBER  1956 
PR  NR  FB-5-MMP-6015 


SCOFE  V 

1.1  General  -  These  requirement#  cover  a  variable  wire- 
wound  seeled  resistor  of  the  high  temperature  type, 
for  use  in  electronic  equipment.  These  requirements 
relate  to  a  2  watt,  3  to  25,000  ohms  with  a 
tolerance  of  10  per  cent  suitable  for  continuous 
ope  ration  at  temperatures  fran  65°C  to  +22^  *C  hot 
spot,  Except  for  the  shaft  mechanical  drive,  all 
terminations  to  the  variable  resistors  shall  be 
hermetically  sealed.  The  shaft  seal  shall  be 
adequate  for  the  resistor  to  satisfy  all 
requirements  of  this  exhibit, 

APPLICABLE  PUBLICATIONS 

2.1  The  following  publications  of  the  issue  in  effect 
on  date  of  the  invitation  for  biis  shall  form  a 
part  of  this  exhibit  to  the  extant  specified 
heirs  in, 

STANDARDS 

MILITARY 

MIL-STD-202  Test  Methods  for 

Electronic  and  Electric 
Component  Parts 


REQUIREMENTS 

•» 

3.1  The  requirements  of  this  exhibit  are  detailed  only 

to  the  extent  considered  necessary  to  obtain  the 

desired  objectives.  The  design,  construction  and 

assembly  techniques  of  the  variable  wire  wound  sealed 

resistors  shall  be  such  as  to  facilitate  quantity 

production  reproducibility  at  reasonable  cost.  The 

material  and  mechanical  assembly  used  in  the 
< 

construction  of  the  resistors  but  not  specified  in 
detail  shall  be  of  the  quality  consistent  with  the 
proposed  and  specified  performance  of  the  article. 
Resistors  shall  be  manufactured  and  processed  in  a 
careful  and  workmanlike  manger  in  accordance  with 
good  design  and  practice. 

3.2  Preproduction  Samples  -  Forty  (1*0)  of  the  three 
ohm  resistors  and  forty  (Uo)  of  the  25,000  ohm 
resistors  shall  be  subjected  to  the  tests  outlined 
in  Table  I  by  the  manufacturer  and  shall  have 
satisfactorily  met  the  requirements  of  this  exhibit 
prior  to  delivery  of  the  resistors  called  for  in 
the  contract. 

3.3  Test  Data  -  Test  data  covering  the  prepro  iuction 
■ample a  submitted  to  the  tests  of  Table  I  shall  be 
approved  by  the  Government  prior  to  delivery  of 


the  resistors  called  for  in  the  contract 
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Total  Resistance  -  The  total  resistance  shall  be 
within  the  specified  tolerance  of  the  nominal 
resistance,  which  shall  be  available  from  3  to 
25,000  ohms.  The  mechanical  rotation  in  degrees 
for  the  resistance  element  shall  be  fran  280*  to 
305*.  The  total  effective  electrical  rotation 
shall  be  at  least  280*. 

3.5  Mechanical  and  Visual  Inspection  -  Resistors  shall 
be  of  the  design,  construction,  and  physical 
dimensions  specified.  See  Figure  1. 

3.6  Resistance  Taper  -  The  angle  at  which  any  percentage 
of  total  resistance  is  effective  shall  be  within 

±  5  per  cent  of  the  total  mechanical  rotation  of 
the  specified  position. 

3.7  Minimum  Resistance  -  The  minimum  resistance  shall  not 
exceed  0.3  ohms  for  resistors  of  3  to  50  ohms  nominal 
resistance,  0.5  ohms  for  resistors  51  to  250  ohms 
nominal  resistance,  and  0.2  per  cent  of  nominal  re¬ 
sistance  for  nominal  resistance  values  of  more  than 
250  ohms. 

3*8  Insulation  Resistance  -  The  initial  insulation  re¬ 
sistance  shall  not  be  less  than  100  megohms  (See  4.8). 
3*9  Dielectric  Strength  -  The  resistors  shall  be  capable 

of  withstanding  the  application  of  the  test  potential 

/ 

without  damage,  arcing,  or  brealcdown. 

3»10  Torque 
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3.10*1  Rotational  •  The  torque  required  to  rotate  the  contact 
,ar»  at  any  position  shall  be  not  legs  than  1.5  ounces- 
inches  nor  more  than  6  ounce-inches, 

3.10.2  Stop  -  The  resistors  shall  withstand  the  six  pound- 
inch  stop  torque  without  damage. 

J 

3.11  Temperature  Cycling  -  The  resistors  shall  be  capable 
of  withstanding  thb  temperature  cycling  without 
mechanical  injury,  and  the  permanent  change  in  total 
resistance  shall  not  exceed  1  per  cent  as  a  result 
of  the  cycling  (See  lull). 

3.12  Low  Temperature  Exposure  -  The  torque  required  to 
effect  rotation  of  the  contact  am  during  the  low 
temperature  exposure  test  shall  not  exceed  15  ounce 
inches.  The  permanent  change  in  resistance  shall 
not  exceed  one  (l)  per  cent.  Electrical  connections 
shall  not  be  adversely  affected  and  rivets  shall 
not  loosen.  The  movable  contact  arm  shall  make 
uniform  electrical  connections  with  the  winding. 

3.13  Load  Life  -  The  change  in  total  resistance  of  the 
resistors  shall  not  exceed  1  per  cent  as  a  result 
of  the  life  test  specified  in  I4.IL. 

3*lL  Salt  Spray  Corrosion  -  Resistors  shall  show  no 

marked  corrosion;  and  shall  show  no  disturbance  of 
the  ground  connection  to  the  mounting  panel  as  a 
result  of  the  corrosion  test  specified  in  L.15. 

3*15  Moisture  Resistance  -  The  total  resistance  shell 
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not  ehang*  nor*  than  1  per  cent  and  inaulation  re¬ 
sistance  shall  not  b«  leas  than  tan  (10)  megohms* 
than  tested  during  the  moisture  resistance  teat* 

3.16  Rotational  Life  -  Reals  tors  shall  not  have  a 
permanent  change  in  resistance  in  excess  of  2  per 
cent  nor  shall  proper  contact  between  resistance 
elements  and  rotating  am  be  broken  as  the  result  of 
25*000  cycles  of  rotation. 

3.17  Low  Temperature  Storage  -  After  being  subjected  to 
the  low  temperature  storage  test  specified  in 
paragraph  L.18,  the  resistors  shall  meet  the  re¬ 
quirements  of  paragraph  3.U. 

3.18  Vibration  -  After  subjection  to  conditions  of 
vibration  as  outlined  in  paragraph  h.19,  the  total 
resistance  shall  have  changed  not  more  than  2  per 
cent.  There  shall  be  no  intermittent  contact  during 
the  test  and  no  mechanical  injury  as  a  result  of  the 
vibration  test. 

3.19  Acceleration  -  When  resistors  are  tested  as  specified 
In  L.20,  the  change  in  resistance  shall  not  exceed  2 
per  cent  nor  shall  there  be  any  evidence  of  mechanical 
or  electrical  damage. 

3.20  Shock  -  When  resistors  are  tested  as  specified  in  1*.21 

»> 

the  change  in  resistance  shall  not  aoicaad  2  per  cent 
nor  shall  there  be  any  evidence  of  mechanical  or 
eleetrleal  damage. 


TABLE  I 
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Preproduc tion  Approval  Teat 


Test 

Test 

Paragraph 

Test  Group  I  -  All  S»ples  (ltf)) 

Mechanical  and  Visual  Inspection 

U»3 

Resistance 

h»h 

Insulation  Resistance 

U.8 

Dielectric  Test 

U.9 

Torque 

U.io 

Temperature  Cycling 

l.n 

High  Temperature  iixposura  (22$*C) 

it.  12 

Low  Temperature  Exposure 

U.13 

Test  Group  II  (10  Samples) 

Load  Life 

L.lit 

Salt  Spray  Corrosion 

L.15 

Stop  Torque 

ii,10 

Test  Group  III  (10  Samples) 

Moisture  Resistance 

L.16 

Test  Group  IV  (10  Samples) 

Rotational  Life 

h.17 

Insulation  Resistance 

U.8 

Dielectric  Test 

U.9 

Lox  Temperature  Storage 

lul8 

Test  Group  V  (10  Samples) 

Acceleration 

U*20 

Shock 

L.21 

Vibration  (high  frequency) 

It, 19 

No,  of  Failures 
Allowed 


0 


y* 


*  One  (1)  failure  is  permissible  in  each  of  Test  Group  II*  in, 
IV,  and  V  with  no  more  than  a  total  of  three  (3)  failures  for 
all  test  groups  combined* 
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INSPECTION  AND  TEST  PROCEDURES 

lul  General  -  The  resistors  shall  be  subjected  to  the  tests 
specified  herein  in  the  order  shown  to  determine 
compliance  with  requirements  of  this  exhibit, 

<r 

U,2  Standard  Test  Conditions  -  Unless  otherwise  specified 
herein,  all  measurements  and  tests  shall  be  performed 
at  2$  *  5*C  and  at  room  ambient  jJressure,  and  humidity, 

i».3  Mechanical  and  Visual  Inspection  -  The  resistors  shall 
be  Inspected  to  verify  that  their  physical  dimensions 
are  as  specified  and  workmanship  is  satisfactory, 

(See  Figure  1), 

U*!i  Total  Resistance  -  Total  resistance  cf  the  resistors  shall 
be  measured  with  the  contact  arm  set  at  the  extreme 
counterclockwise  position.  The  instrument  used  to 
perform  the  total  resistance  measurement  shall  be 
accurate  to  within  t  0,5  per  cent. 

It, 6  Resistance  Taper  -  Following  the  measurement  of  total 

resistance,  resistance  measurement  shall  be  made  at 
ten  (10)  per  cent  intervals  of  Effective  rotation, 
-Resistance  values  versus  per  cent  effective  rotation 
shall  be  plotted  from  the  values  obtained.  The  * '  . 

resistance  tapers  derived  shall  conform  in  general  ,  , 

shape  to  nominal  curves  shown  on  Figure  lj  both  for 
tapers  ''A"  and  "CM. 

lu?  Minimum  Reals t an ce  -  The  contact  arm  shall  be  rotated 
to  its  extrema  counterclockwise  limit  of  rotation. 


With  the  in  In  this  position)  the  resistance  between 
the  counterclockwise  terminal  and  the  rotating  con¬ 
tact  terminals  shall  be  measured.  The  contact  arm 
shall  then  be  rotated  to  its  extreme  clockwise  limit 
of  rotation.  With  the  arm  in  this  position)  the 
resistance  between  the  clockwise  terminal  and  the 
rotating  contact  terminal  shall  be  measured. 

la 

it. 6  Insulation  Resistance  -  The  insulation  resistance  from 
the  contact-ana  terminal  to  the  mounting  bushing)  and 
from  the  resistance  element  terminals  connected 
together  to  the  mounting  bushing  shall  be  ^ensured. 

All  measurements  shall  be  made  using  s  direct  current 
potential  of  approximately  100  volts. 

U.9  Dielectric  Strength 

U.9.1  Atmospheric  Pressure  -  A  tint- wave  test  potential  of 
900  volts  rms  from  an  alternating  current  supply  at 
commercial  line  frequency  of  not  more  than  100  cycles 
per  second  shall  be  applied  from  all  terminals  to  the 
bushing  for  one  (l)  minute  with  the  contact  arm  set  at 
the  extreme  counterclockwise  position. 

U.9.2  Reduced  Pressure  -  A  sine-wave  test  potential  of  550 
volts  RMS  from  an  alternating  current  supply  at 
commercial  line  frequency  of  not  more  than  100  cycles 
per  second  shall  be  applied  as  in  paragraph  9a  for  a 
period  of  one  (1)  minute  at  a  pressure  of  2.1  inches 

i 

of  mercury  (absolute))  with  the  contact  arm  sst  at  the 
extreme  counterclockwise  position. 


■9. 


U«10  Torque 

lwlO,l  Rotational  -  The  torque  required  to  rotate  the  contact 
arm  on  the  resistance  element  shall  be  determined 
throughout  the  entire  range  under  standard  conditions 
of  temperature  and  humidity*  (Paragraph  U.2) 

1.10,2  Stop  -  Upon  completion  of  the  tests  In  Test  Group  II, 
the  contact  ana  shall  be  rotated  to  both  extremes  and 
the  3amplo3  3hall  withstand  a  torque  of  not  less  than 
six  (6)  pound-inches  applied  to  the  control  shaft, 

U.ll  Temperature  Cycling  -  Resistors  shall  be  subjected  to 
the  temperature  cycle  shown  below  for  a  total  of  5 
cycles  performed  continuously,  1  cycle  following  the 
other.  Resistors  shall  be  held  at  the  minimum  and 

► 

maximum  temperature  for  30  minutes  except  that  they 

shall  be  held  at  the  minimum  temperature  on  the  fifth 

cycle  for  one  hour  in  order  to  permit  the  test  of 

paragraph  1.13  to  be  conducted.  The  rate  of  temperature 

v 

change  within  the  climatic  chamber  shall  be  not  less 
than  2"C  (3«6*F)  per  minute.  The  resistors  may  be 
transferred  from  one  chamber  to  another  in  which  case 
they  shall  be  kept  at  room  temperature  for  not  less 
than  10  minutes  and  not  more  than  15  minutes  between 
exposure  to  the  extreme  temperatures.  The  total 

i 

resistance  shall  be  measured  (Paragraph  1.1)  before 
cycling  and  after  the  fifth  cycle.  After  each  measure¬ 
ment  of  total  resistance,  the  resistance  between 
the  contact  arm  at  the  low  resistance  end 
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of  the  taper  and  both  element  terminals  shall  also 
be  ascertained. 

TEMPLRATURE  CYCI& 


Degrees 

Degrees 

"C" 

«pN 

Start  at 

'  25 

77 

Reduce  to 

-65 

-67 

Return  to 

25 

77 

Rise  to 

85 

105 

Return  to 

25 

77 

U.12  High  Temperature  Exposure  -  Resistors  shall  be  placed 
in  an  oven  at  room  temperature.  The  temperature  of 
the  oven  shall  then  be  elevated  gradually  to  22$ ®C. 

The  period  of  the  transition  from  roam  temperature 
to  the  225*0  temperature  shall  be  accomplished  in 
not  more  than  forty-five  minutes.  The  resistors 
shall  then  be  conditioned  at  225*0  for  a  period  of 

two  (2)  hours.  They  shall  then  be  allowed  to  cool 

$ 

gradually  to  room  temperature.  The  resistors  shall 
be  measured  for  total  resistance  (see  lub)  before  and 
at  the  conclusion  of  this  test. 

ii.13  '  Low  Temperature  Exposure  -  Resistors  shall  be  maintained 
for  one  hour  at  the  minimum  temperature  of  -65  *C  of 
the  last  cycle  cf  paragraph  i4.ll.  At  the  aid  of  one 
hour,  the  torque  necessary  to  effect  rotation  df  the 
contact  am  shall  ba  determined  by  a  method  satisfactory 
to  the  agency  concerned.  All  electrical  connections 
shall  be  checked.  The  alec tribal  connection  between 
the  notating  contact  am  and  the  winding  shall  be 

‘  -U- 


checked  by  connecting  an  otanaeter^o  the  ann  and  one 
end  terminal  and  slowly  rotating  the  contact  arm* 

It* lit  Load  Life 

InlL.l  Mounting  -  During  this  teat  resistors  shall  be  mounted 
on  a  It  inch  square,  0*050  inch  thick,  steel  panel  in 
still  air  with  their  terminals  downward.  No  shielding 
shall  be  located  closer  than  12  inches  from  the  p^iel* 
lt.lii.2  Test  Procedure  -  Rated  nominal  wattage  shall  be  applied 
to  resistors  at  an  ambient  temperature  of  85*0,  Power 
shall  be  applied  intermittently  1-1/2  hours  on  and 
l/2  hour  off  for  a  total  of  1,000  hours  between  one 
of  the  terminals  and  the  contact  arm  with  the  contact 
arm  set  so  as  to  introduce  the  total  resistance. 
Resistance  measurements  shall  be  made  before  the  start 
of  this  test  and  periodically  at  the  end  of  the  1/2 
hour  off  period  until  1,000  hours  have  elapsed, 

U*l5  Salt-Spray  Corrosion  -  Resistors  shall  be  mounted  on 
an  aluminum  panel  and  subjected  for  100  hours  to  the 
salt- spray  corrosion  test  of  MIL-STD-202  (Method  10l)f^ 
At  the  conclusion  of  this  test  the  resistors  shall  be 


rinsed  thoroughly  in  clean  tap  water  and  then  permitted 
to  dry  for  2U  hours  at  ljO*C. 

U*16  Moisture  Resistance 

In  16,1  Initial  Measurements  -  Resistance  shall  be  measured  at 

room  conditions  (See  U,?), 

U*l6,2  Exposure  -  Resistors  shall  be  tested  in  accordance  with 
Method  10 6  of  MIL-STD-202*  No  polarising  voltage  shall 
be  applied. 


U.16.3 


1*.  17 
U.17.1 


Final  Msarn urements  -  With  the  samples  maintained  at 
the  high  humidity  condition  during  step  seven  at  the 
end  of  the  tenth  cycle,  resistance  and  insulation 
resistance  shall  be  measured. 

Measurements  Following  Moisture  Resistance  -  The 
following  measurements  shall  be  performed  at  room 
conditions  after  completion  of  the  moisture 
resistance  test,  total  resistance,  torque,  insulation 
resistance,  and  dielectric  strength* 

Rotational  Life 

Mounting  -  Resistors  shall  be  mounted  by  their  bushings 

i 

and  shall  be  ganged  in  pairs.  The  resistors  in  each 
pair  shall  be  connected  in  series  so  that  nominally 
constant  current  flows  through  the  resistors 
irrespective  of  the  contact  am  position  during  the 
oscillation  of  the  shafts.  The  shafts  shall  be  so 
connected  mechanically  that  they  shall  turn 
simultaneously  in  the  same  direction. 


ROTATIONAL 


an' 


T£S  T 


r/fi'r, 


L£F  T 
T£RM. 


■A*  AAA  A  A 


R/6HT 
T£S*  A*. 


RIGHT 

TFRM. 


dj#  CC  r/C N  OF  ROT  AT /ON 


D.C.  SUPPLY 
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Rotation  -  A  direct  current  potential  equivalent  to 


that  required  to  dissipate  rated  wattage  across  the 

entire  resistive  element  of  resistors  having  the 

same  nominal  total  resistance  shall  then  be  applied 

as  shown  in  the  Rotational  Life  Test  Circuit, 

Resistor  shafts  shall  then  be  continuously  oscillated 

through  not  less  than  98  per  cant  of  the  total 

mechanical  rotation  at  a  rate  of  approximately  20 

oscillations  per  minute  for  a  total  of  29,000 

oscillations  (  an  oscillation  is  defined  as  the 

complete  traverse  from  minimum  to  maximum  and  return). 

The  total  resistance  of  resistors  shall  be  ascertained 

at  the  end  of  every  9*000  oscillations, 

it. 16  Low  Temperature  Storage  -  Immediately  following  the 

tests  specified  in  paragraph  it, 9,  the  resistors  shall 

be  placed  in  a  cold  chamber  maintained  at  a  temperature 

% 

of  -69  *  2*C  for  twenty-four  (2L)  h<*irs,  after  *iiich 
they  shall  be  removed  and  maintained  at  a  temperature 
of  25  t  5°C  for  a  period  of  twenty-four  (2ti)  hours, 

L,19  Vibration  -  The  resistors  shall  be  subjected  to 

vibration  frequency  cycling  between  10  and  2000  cps  at 
•  an  applied  double  amplitude  of  0,060  inch  or  an  applied 
acceleration  of  15g«  whichever  is  the  limiting  value* 
The  frequency  shall  be  varied  logarithmically,  and 
the  entire  rar^e  of  frequencies  from  10  to  2000  cps 
shall  be  traversed  in  aporoximately  20  minutes, 
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The  vibration  shall  be  for  a  period  of  four  hours  in 
each  of  three  mutually  perpendicular  directions.  The 
vibration  cycling  may  bo  accomplished  in  two  discrete 
steps,  namely  10  to  500  cps  for  three  hours  in  each 
direction,  and  500  to  2COO  cps  for  one  hour  in  each 
direction. 

1».20  Acceleration 

b.20.1  Mounting  -  Resistors  shall  be  mounted  by  their  normal 
means  on  plates  affixed  to  a  mounting  fixture  which 
is  constructed  in  such  a  manner  as  tc  insure  that  the 
mounting  supports  remain  in  a  static  condition  with 
reference  to  the  acceleration  table. 

v 

U.20.2  r rocedure  -  After  mounting,  total  resistance  shall  be 
measured.  Resistors  shall  be  subjected  to  a  constant 
acceleration  of  50  gravit:/  units  (g)  for  a  period  of 
a  minute  in  each  of  two  mutually  perperviicular  planes, 
one  perpendicular  and  the  other  parallel  to  the 
longitudinal  axis  of  the  resistor  shaft.  Any  physical 
defects  occurring  during  the  acceleration  may  be  noted 
through  an  appropriate  optical  system.  After  this 
test,  total  resistance  shall  be  measured. 

U.21  Shock 

U.21.1  Mounting  -  Resistors  shall  be  mounted  by  their  normal 

mounting  means,  and  affixed  to  a  mounting  fixture  which 
is  constructed  in  such  a  manner  as  to  insure  that  the 
mounting  supports  remain  in  a  static  condition  with 
reference  tc  the  shock  table. 


15' 


U.21,2  Procedure  -  After  mounting,  total  resistance  shall  be 


measured.  Resistors  shall  be  subjected  to  a  constant 
accelerating  shock  force  of  SO  g  for  11  ±  1  milli¬ 
seconds  in  each  of  two  mutually  perpendicular  planes* 
one  perpendicular  and  the  other  parallel  to  the 
longitudinal  axis  of  the  resistor  shaft.  A  shock  test 
machine  in  accordance  with  that  described  in  Specification 
( USAF )  may  be  used.  After  this  test,  total 
resistance  shall  be  measured. 

PitEPARAT ION  FOR  DELIVERY 

5.1  Delivery  shall  be  as  specified  in  contract. 

NOTFS 

N'T  ICE:  When  Government  drawings,  specifications,  or  other 
data  are  used  for  any  purpose  other  than  in  connection  with  a 
definitely  related  Government  Procurement  Operation,  the 
United  States  Government  thereby  incurs  no  responsibility  nor 
any  obligation  whatsoever!  and  the  fact  that  the  Government 
may  have  formulated,  furnished,  or  in  aryvay  supplied  the  said 
drpwings,  specifications,  or  other  (fata,  is  not  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacture,  use,  or  sell  any  patented 
invention  that  may  in  anyway  be  related  thereto. 


Robert  £.  Conklin/7.  G,  Nelson/mfh 
WCREC-1  WCREO-1 
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SPECIFICATION 


Resistors*  Variebl >,  Wirewound 
High  Temperature.  Sealed 


1.  SCOPE 

1*1  General  -  These  requirements  cover  a  variable 

wirewound  sealed  resistor  of  the  high  temperature 
type  for  use  in  electronic  equipments*  These 
requirements  relate  to  a  5  watt  sise,  10  to 
20,000  ohms  with  a  tolerance  of  10  per  cent 
suitable  for  continuous  operation  .it  a  temj- 
orature  from  —6 5' *0  to  +225*0  hot  spot*  All 
electrical  terminations  to  the  variable  resistors 
shall  be  hemetically  sealed.  The  shaft  seal 
and  bushing  seal  shall  be  adequate  for  the 
resistor  to  satisfy  all  requirements  of  this 

\ 

specification. 

2.  APPLICABLE  PUBLICATION 

2*1  The  following  publications  of  the  issue  in  effect 

on  date  of  the  invitation  for  bids  shall  form  a  part 
of  this  specification  to  the  extent  specified  herein. 

STANDARDS 

MILITARY 

MIL-STD-202  Test  Methods  for 

Electronic  and  Electric 
Component  Parts* 
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3.  REQUIREMLNTS 


3*1  Design  and  Cong  traction  -  The  requirements  of  this 

specification  are  detailed  only  to 'the  extent  considered 
necessary  to  obtain  the  desired  objectives.  The 
design,  construction,  and  assembly  techniques  of 
the  variable  wirewound  sealed  resistors  shall  be 
such  as%  to  facilitate  quantity  production  repro- 

l 

ducibility  at  reasonable  cost.  The  material  and 
mechanical  assembly  used  in  the  construction  of  the 
resistors,  but  not  specified  in  detail,  shall  be  of 
the  quality  consistent  with  the  proposed  and 
specified  performance  of  the  article.  Resistors 
shall  be  manufactured  and  processed  in  a  careful 
and  workmanlike  manner  in  accordance  with  good 
design  and  practice. 

3*2  Preprcyiuction  Samples  -  Forty  (Uo)  of  the  10  ohm 

resistors  and  forty  (1*0)  of  the  2%000  ohm  resistors 
shall  be  subjected  to  the  tests  outlined  in  Table  I 
by  the  manufacturer  and  shall  have  Satisfactorily 
met  the  requirements  of  this  specification  prior  to 
delivery  of  the  resistors  called  for  in  the  Contract. 

3.3  Test  Data  -  Test  data  covering  the  preproduction 

% 

samples  submitted  t^o  the  tests  of  Table  I  shall  be 
approved  by  the  Government  prior  to  delivery  of  the 
resistors  called  for  in  the  Contract. 
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TABLE  I 


V 


Preproduction  Approval  Teat 


Test 

i 

Test  Group  I  -  All  Samples  (1+0) 

Mechanical  &  Visual  Inspection 
Total  Resistance 
Resistance  Taper 
Minimum  Resistance 
Insulation  Resistance 
Dielectric  Strength 
Torque  (Ro tationalV 
Temperature  Cycling 
High  Temperature  Exposure 
Low  Temperature  Exposure 

Test  Group  II  -  10  Samples 

Load  Life 

Salt  Spray  Corrosion 
Stop  Torque 

Test  Group  III  -  10  Samples 

Moisture  Resistance 

Teat  Ore  up  IV  -  10  Samples 

Rotational  Life 
Insulation  Resistance 
Dielectric  Strength 
Low  Temperature  Storage 

Test  Group  V  -  10  Samples 

Acceleration 

Shock 

Vibration 


Test 

Paragraph 


4.3 

lull 

4*5 

4.6 

4.7 
4.e 
4.9.1 
4.10 
4.U 
4.12 


4.13 

4.14 
4.9.2 


4.15 


4.16 

4.7 

4.8 

4.17 


4.19 

4.20 

4.18 


No.  of  Failures 
Allowed 


3* 


*0ne  (l)  failure  is  permissible  in  each  of  Test  Groups  II,  III, 
IV,  and  V  with  no  more  than  total  of  three  (3)  failures  for  all 
test  groups  combined. 
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3.ii  Total  Resistance  -  The  total  reels tance  shall  be 
within  m  10  per  cent  tolerance  of  the  nominal 
resistance,  which  shall  be  available  from  10  to  20,000 
ohms.  The  mechanical  rotation  in  degrees  for  the 
resistance  element  shall  be  from  280"  to  305*.  (See  U.Ia) 

3.5  Mechanical  and  Visual  Inspection  -  Resistors  shall 
be  of  the  design,  construction,  and  physical 
dimensions  specified.  (See  li,3) 

3.6  Resistance  Taper  -  The  resistance  taper  shall  conform 
in  general  shape  to  the  nominal  curve  shown  in 
Figure  2.  Resistance  measurements  shall  fall  within 
±  10  per  cent  of  the  nominal  values  shown  by  the 
curves  at  the  specified  angle  of  $0  per  cent  of 
electrical  rotation. 

3.7  Minimum  Resistance  -The  minimum  resistance  shall  not 

exceed  0.3  ohms  for  reeistora  of  3  to  50  ohms  nominal 

resistance,  0.5  ohms  for  resistors  of  51  to  250  ohna 

» 

nominal  resistance,  and  0.2  per  cent  of  nominal 
resistance  for  nominal  resirtance  values  of  more  than 
250  ohms.  (See  U. 6) 

3.8  Insulation  Resistance  -  The  initial  insulation 
resistance  shall  not  be  loss  than  100  megohms  (See  U.7). 

3.9  Dielectric  Strength  -  The  resistors  shall  be  capable 
of  withstanding  the  application  of  the  test  potential 
without  damage,  arcing,  or  breakdown  (See  h.9) 
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3*10  Torque  -  The  resistors  shall  meet  the  following  limit* 

» 

when  tested  as  specified  in  L.9. 

3#30*1  Rotational  -  The  torque  required  to  rotate  the  contact 
arm  at  any  position  shall  be  not  less  than  one  inch- 
ounce  nor  more  than  six  inch-ounces. 

3.10.2  Stop  -  The  resistors  shall  withstand  the  six  inch- 
pounds  stop  torque  without  damage. 

3.11  Temperature  Cycling  -  The  resistors  shall  be  capable 
of  withstanding  the  temperature  cycling  without 
mechanical  injury,  and  the  permanent  change  in 

\ 

resistance  shall  not  exceed  $  per  cent  as  a  result 
of  the  cycling  as  specified  in  lull* 

3.12  High  Temperature  Exposure  -  The  resistors  shall  be 
capable  of  withstanding  the  high  temperature  exposure 
without  mechanical  injury,  and  the  permanent  change 
in  resistance  shall  not  exceed  5  per  cent  as  a  result 
of  this  test.  (See  lull) 

3.13  Low  Temperature  Exposure  -  The  torque  required  to 
effect  rotation  of  the  contact  arm  during  the  low 
temperature  exposure  test  shall  not  exceed  eighteen 
inch -ounce*.  The  permanent  change  in  resistance 
shall  not  exceed  5  per  cent.  Electrical  connections 
shall  not  be  affectec'  adversely  and  rivets  shall  not 
loosen.  The  movable  contact  arm  shall  make  uniform 
electrical  connections  with  the  winding.  (See  14*12) 
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3«lii  Load  Life  -  The  change  in  total  resistance  of  the 

resistors  shall  not  exceed  5  per  cent  as  a  result  of 
the  life  test  specified  in  U*13. 

3*15  Salt  Spray  Corrosion  -  Resistors  shall  show  no  narked 
corrosion  and  shall  show  no  disturbance  of  the  ground 
connection  to  the  mounting  panel  as  a  result  of  the 
corrosion  test  specified  in  L.lb. 

3.16  Moisture  Resistance  -  The  total  resistance  shall  not 
change  more  than  5  per  cent  and  insulation  resistance 
shall  not  be  less  than  10  megohms  when  tested  as 
specified  in  ii.15. 

3.17  Rotational  Life  -  Resistors  shall  not  hare  a  permanent 
change  in  resistance  in  excess  of  3  per  cent  nor  shall 
proper  contact  between  resistance  elements  and 
rotating  arm  be  broken  as  a  result  of  10,000  cycles 

of  rotation  as  specified  in  h»l6* 

3.16  Low  Temperature  Storage  -  After  being  subjected  to  the 
low  temperature  storage  test  as  specified  i{i  paragraph 
L.17,  the  resistors  shall  meet  the  requirements  of 
paragraph  3.L. 

3.19  Vibration  -  After  subjection  to  conditions  of  Yibration 
as  outlined  in  paragraph  iulfl,  the  total  resistance 
shall  have  change  not  more  than  3  per  cent.  There 
shall  be  no  intermittent  contact  during  the  test,  and 
no  mechanical  injury  as  a  result  of  the  vibration  test. 
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3.20  Acceleration  -  When  resistors  are  tested  as  specified 

I 

in  U.19,  the  change  in  resistance  shall  not  exceed 
2  per  cent,  nor  shall  there  be  any  evidence  of 
mechanical  or  electrical  damage* 

3.21  Shock  -  When  resistors  are  tested  as  specified  in 
U* 20,  the  change  in  resistance  shall  not  exceed 

2  per  cent,  nor  shall  there  be  any  evidence  of 
mechanical  or  electrical  damage, 

INSPECTION  AND  TEST  PROCEDURES 

iul  General  -  The  resistors  shall  be  subjected  to  the 

tests  specified  here  in  the  order  shown  to  determine 
compliance  with  the  requirements  of  this  specification. 

h.2  Standard  Test  Conditions  -  Unless  otherwise  specified 
herein,  all  measurements  and  tests  shall  be  performed 
at  25*  t  5*C  and  at  room  ambient  pressure  and  humidity. 

in 3  Mechanical  and  Visual  Inspection  -  The  resistors  shall 

be  inspected  to  verify  that  their  physical  dimensions 
are  as  specified  and  that  the  work  is  satisfactory. 

See  figure  1  for  dimensions* 

ii.ii  Total  Resistance  -  Total  resistance  of  the  resistors 
shall  be  measured  with  the  contact  arm  set  at  the 
extreme  counterclockwise  position.  The  instrument 
used  to  perform  this  measurement  shall  be  accurate 
to  within  ±  C*5£« 

U.5  Resistance  Taper  -  Following  the  measurement  of  total 
resistance,  resistance  measurements  shall  be  made  et 
30,  50,  70,  and  -100  per  cent  of  electrical  rotation* 


V 


Per  cent  of  measured  resistance  versus  per  cent  of 
electrical  rotation  shall  be  determined  from  the 
values  obtained.  The  resistance  tapers  derived 

t 

shall  conform  in  general  shape  to  the  nominal 
» 

curres  shown  on  figure  2,  both  for  tapers  "A”  and 

"C". 

U.6  Minimum  Resistance  -  The  contact  arm  shall  be 
rotated  to  its  extreme  counterclockwise  end  of 
rotation.  With  the  arm  in  this  position,  the 
resistance  between  the  counterclockwise  terminal 
and  the  rotating  contact  terminal  shall  be  measured. 
The  contact  am  shall  then  be  rotated  to  its  extreme 
clockwise  limit  of  rotation.  With  the  arm  in  this 
position,  the  resistance  between  the  clockwise 
terminal  and  the  rotating  terminal  shall  be  measured. 

t 

U.7  Insulation  Resistance  -  The  insulation  resistance 

from  all  the  terminals  tied  together  to  the  mounting 
bushing  shall  be  measured.  All  measurements  shall 
be  made  using  a  direct  current  voltage  of  approx¬ 
imately  100  volts. 

U.8  Dielectric  Strength. 

Iu8,l  Atmospheric  Pressure  -  A  sine  wave  potential  of  900 
volts  RMS,  from  an  alternating  current  supply  at 
commercial  line  frequency  of  not  more  than  100  cycles 
per  second,  shall  be  applied  from  all  terminals  tied 
together  to  the  mounting  bushing  for  a  period  of  one 
minute. 
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U.C.2.  Reduced  Pressure  -  A  sine  wave  test  potential  of  2£0 
volts  RMS  fro*  an  alternating  current  supply  at  a 
oome ratal  line  frequency  of  not  more  than  100  cycles 
per  second  shall  be  supplied  as  in  paragraph  iu  8«1 
for  a  period  of  one  minute  at  a  pressure  of  2.1 
inches  of  mercury  (absolute). 
iu9  Torque 

li#9»l  Rotational  -  The  torque  required  to  rotate  the  contact 
arm  on  the  resistance  element  shall  be  determined 
throughout  the  entire  range  of  rotation. 
ii.9.2  Stop  -  Upon  completion  of  the  tests  in  Test  Group  II* 
the  contact  arm  shall  be  rotated  to  both  extremes  and 
the  samples  shall  withstand  a  torque  of  not  less  than 
six  inch-pounds  applied  to  the  control  shaft. 

U.10  Temperature  Cycling  -  The  resistors  shall  be  subjected 
to  the  temperature  cycle  shown  below  for  a  total  of 
5  cycles  performed  continuously,  1  cycle  following  the 
other.  The  resistors  shall  be  held  at  the  minimum  and 
maximum  temperature  for  30  minutes  except  that  they 
shall  be  held  at  the  minimum  temperature  on  the  fifth 
cycle  for  one  hour  in  order  to  permit  the  test  of 
paragraph  I*.  12  to  be  conducted.  The  rate  of 
temperature  change  within  the  climatic  chamber  shall 
be  not  les3  than  2'5C.  (3.6®F)  per  minute.  The 

resistors  may  be  transferred  from  one  chamber  to 
another,  in  which  case  they  r;hall  be  kept  at  room 
temperature  for  not  less  than  ten  minutes  and  not  more 
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than  15  minutes  between  exposure  to  the  extreme  ^ 

temperature*  The  total  resistance  shall  be  measured 
(paragraph  1*.3)  before  cycling  and  after  the  fifth 
cycle.  After  each  raeasuronent  of  total  resistance) 
the  resistance  between  the  contact  arm  at  the  low 
resistance  end  of  the  taper  and  both  element 
terminals  shall  be  measured. 

TEMPERATURE  CYCLE 

Degrees  C  Degrees  F 


Start  at 

25 

77 

Reduce  to 

-65 

-67 

Return  to 

25 

77 

Rise  to 

85 

185 

Return  to 

25 

77 

lull  High  Temperature  Exposure  -  The  resistors  shall  be 

placed  in  an  oven  at  room  temperature.  The  temperature 
of  the  oven  shall  be  elevated  then  gradually  to  22$°C . 
The  period  of  transition  from  room  temperature  to  the 
225 *C.  temperature  shall  bo  accomplished  in  not  more 
than  forty-five  minutes.  The  resistors  then  shall  be 
conditioned  at  225*6  for  a  period  of  two  hours.  They 
then  shall  be  allowed  to  cool  gradually  to  room  temp¬ 
erature.  The  resistors  shall  be  measured  for  total 
resistance  (paragraph  U»3)  before  and  at  the  end  of 
the  test. 

L.12  Low  Temperature  Exposure  -  The  resistors  shall  be 
maintained  for  one  hour  at  the  minimum  temperature 
of  65 *C  of  the  last-eycle  of  paragraph  ii.10. 


At  the  end  of  one  hour,  the  torque  necessary  to  effect 
rotation  of  the  contact  am  shall  be  determined  by  a 
torque  wrench.  All  electrical  connections  shall  be 
checked.  The  electrical  connection  between  the 
rotating  contact  arm  and  the  winding  shall  be  checked 
by  connecting  an  ohmmeter  to  the  arm  and  one  end 
terminal,  and  slowly  rotating  the  contacting  arm. 

U.13  Load  Life 

Ii.l3»l  Mounting  -  During  this  test  the  resistors  3hall  be 
mounted  on  a  four  inch  square  .0 $0  inch  thick  steel 
panel  in  still  air  with  their  terminals  downward. 

No  shielding  shall  be  located  closer  than  twelve  inches 
from  each  panel. 

L.13«2  Test  Procedure  -  Rated  nominal  wattage  shall  be  applied 
to  the  resistors  at  an  ambient  temperature  of  85°^. 
Power  shall  be  applied  intermittently  1-1/2  hours  on 
and  1/2  hours  off  for  a  total  of  1,000  hours  between 
the  counterclockwise  terminal  and  the  contact  arm, 
with  the  contact  arm  set  on  the  clockwise  terminal. 
Resistance  measurements  shall  be  made  before  the 
start  of  this  test  and  periodically  at  the  end  of  the 
1/2  hour  off  period  until  1,000  hours  have  elapsed. 

lull*  Salt  Spray  Corrosion  -  The  resistors  shall  be  mounted 
on  an  aluminum  panel  and  subjected  for  100  hours  to 
the  salt  spray  corrosion  test  of  MIL-STD-202  (Method 
101).  At  the  conclusion  of  this  test  the  resistors 
shall  be  rinsed  and  brushed  thoroughly  with  a  short 
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bristled  brush  similar  to  a  tooth  brush  In  clean  tap 
water,  and  then  permitted  to  dry  for  twenty- four  hours 
at  U0*C. 

U*l5  Moisture  Real stance 

lul5.1  Initial  Measurements  -  The  resistors  shall  have  been 

measured  during  Test  Group  I  tests  for  total  resistance, 
rotational  torque,  Insulation  resistance,  and  dielectric 
strength, 

U.15.2  Exposure  -  The  resistors  shall  be  tested  in  accordance 
with  Method  106  of  MIL-STB-202,  No  polarising  voltage 
shall  be  applied, 

U.15.3  Final  Measurements  -  With  the  resistor  maintained  at 
the  high  humidity  condition  during  step  seven  at  the 
end  of  the  tenth  cycle,  resistance  and  insulation 
resistance  shall  be  measured, 

U.lS.li  Measurements  Following  Moisture  Resistance  -  The 
following  measurements  shall  be  performed  at  room 
conditions  twenty-four  hours  after  completion  of 
the  moisture  resistance  test:  total  resistance, 
rotational  torque,  insulation  resistance  and 
dielectric  strength. 

U.16  Rotational  Life 

lul6,l  Mounting  -  Resistors  shall  be  mounted  by  their 

bushings  and  shall  be  ganged  in  pairs.  The  resistors 
in  each  pair  shall  be  connected  in  series  so  that 
nominally  constant  current  flows  through  the  resistors 


irrespective  of  the  contact  am  position  Airing  the 
oscillation  of  the  shafts.  The  shafts  shall  be 
connected  mechanically  so  that  they  shall  turn 
simultaneously  in  the  same  direction. 

U.l6*2  Rotation  -  A  direct  current  potential  equivalent  to 
that  required  to  dissipate  rated  wattage  across  the 
entire  resistance  element  of  the  resistors  having 
the  same  nominal  total  resistance  then  shall  be 
applied  as  shown  in  the  Rotational  Life  Test  Circuit, 
The  resistor  shafts  shall  then  be  continuously 
oscillated  through  not  less  than  98$  of  the  total 
mechanical  rotation  at  a  rate  approximately  20 
oscillations  per  minute  for  a  total  of  10,000 
oscillations  (an  oscillation  is  defined  as  the  complete 
traverse  from  minimum  to  maximum  and  return) .  The 
total  resistance  of  the  resistors  shall  be  measured 
at  the  end  of  5, '100  oscillations  and  at  the  end  of 
the  test  (see  paragraph  3.U).  Also,  at  the  end  of 
the  test,  insulation  resistance  (see  paragraph  3.8) 
and  dielectric  strength  (see  paragraph  3.9)  shall  be 
measured, 

U,17  Low  Temperature  Storage  -  Immediately  following  the 
tests  specified  in  paragraph  h.16,  the  resistors 
shall  be  placed  in  a  cold  chamber  maintained  at  a 
temperature  of  -65 *C  *  2°C  for  twenty-four  hours. 


ROTAT  /  ONAL  LIFE  TEST  CIRCUIT 


P  C  SUPPLY 


FIGURE  3 


'  a 


after  which  they  shall  be  removed  and  maintained  at 
a  temperature  of  2$*C  ±  5*C  for  a  period  of  twenty- 
four  hours.  At  the  end  of  this  tine  the  resistors 
shall  be  measured  for  total  resistance,  insulation 
resistance,  and  dielectric  strength. 

U.18  Vibration  -  The  resistors  shall  be  subjected  to 

vibration  frequency  cycling  between  10  and  2000  cps 
at  an  applied  amplitude  of  *060  inches  or  an  applied 
acceleration  of  15  Os,  tiiichever  is  the  limiting  value. 
The  frequency  shall  be  varied  logarithmically,  and 
the  entire  range  of  frequencies  from  10  to  2000  cps 
shall  be  traversed  in  approximately  20  minutes.  The 
vibration  shall  be  for  a  period  of  four  hours  in  each 
of  three  mutually  perpendicular  directions.  The 
vibration  cycling  may  be  accomplished  in  two  discrete 
steps,  namely  10  to  500  cps  for  three  hours  in  each 
direction,  and  500  to  2000  cps  for  one  hour  in  each 
direction.  After  this  test,  total  reals tanee  shall 
be  measured  (see  paragraph  3 .It). 

U.19  Acceleration 

U.19.1  Mounting  -  The  resistors  shall  be  mounted  by  their 

normal  mounting  means  on  plates  affixed  to  a  mounting 
fixture  which  is  constructed  in  such  a  manner  as  to 
insure  that  the  mounting  supports  remain  in  a  static 
condition  with  reference  to  the  acceleration  table* 
U.19. 2  Procedure  -  After  mounting,  total  resistance  shall 
be  measured  (see  paragraph  3.U).  The  resistors 
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1.20 

U.20.1 


U.20.2 


shall  be  subjected  to  a  constant  aooeleratlon  of 

50  Os  for  a  period  of  a  minute  in  each  of  two 

mutually  perpendicular  planes,  one  perpendicular 

and  the  other  parallel  &  the  longitudinal  axis  of 

the  resistor  shaft.  Any  physical  defects  occurring 

during  the  acceleration  may  be  noted  through  an 

appropriate  optical  system.  After  this  test,  total 

* 

resistance  shall  be  measured  (see  paragraph 
Shock 

Mounting  -  The  resistors  shall  be  mounted  by  their 
normal  mounting  means,  and  affixed  to  a  mounting 
fixture  which  is  constructed  in  such  a  manner  as  to 
insure  that  the  mounting  supports  remain  in  a  static 
condition  with  reference  to  the  shock  table „ 

Procedure  -  After  mounting,  total  resistance  shall  be 
measured  (see  paragraph  3.U) «  The  resistors  shall  be 
subjected  to  a  constant  accelerating  shock  force  of 
50  Qs  for  11  ±  1  millisecond  in  each  of  two  mutually 
perpendicular  planes,  one  perpendicular  and  the 
other  parallel,  to  the  longitudinal  axis  of  the 
resistor  shaft.  A  shock  test  machine  in  accordance 
with  that  described  in  Specification  MIL*6-UU56  (USAF) 
may  be  used.  After  this  test,  total  resistance  shall 
be  measured  (see  paragraph  3 Jr) 


PREPARATION  FDR  DELIVER! 

5*1  Delivery  shall  be  as  specified  in  the  Contract. 


6.  NOTES 


NOTICE 

When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definitely 
related  Government  Procurement  Operation,  the  United  States 
Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  ary  way  supplied  the  said  drawings,  specifications 
or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise 
as  in  any  manner  licensing  the  holder  or  any  other  person  or 
corporation  or  conveying  any  rights  or  permission  to  manufacture, 
use  or  sell  any  patented  invention  that  may  in  anyway  be  related 
thereto* 
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STANDARD  PRODUCTION  EQUIPMENT  AND 


MODIFICATIONS  TO  STANDARD  PRODUCTION  EQUIPMENT 


There  was  no  standard  production  equipment  permanently  assigned 
to  this  contract. 

There  vas  a  number  of  special  temporary  tools,  dies.  Jigs,  and 
fixtures  used  to  produce  these  variable  resistors,  but  they  were 
sold  to  the  Contractor  (Mallory  Controls  Company)  on  Plant 
Clearance  Case  Nr.  IND-I-1679  dated  January  19,  1962. 

In  most  cases  tool.  Jigs,  and  dies  were  mounted  in  the  appropriate 
machine  temporarily  to  make  the  number  of  parts  needed.  These 
machines  are  the  property  of  the  Mallory  Controls  Company. 
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